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ABSTRACT 


An  evaluation  of  a  low -drag  cable  fairing  was  under¬ 
taken  in  response  to  the  need  for  a  tawing  capability  at 
deep  depths  at  high  speed.  The  objective  of  the  at-sea /p. 
evaluation  was  to  establish  whether  the  Fathom  Flexno.se'-' 
fairing  would  meet  deep-depth  at  high-speed  requirements. 
Observations  made  during  the  sea  trial  revealed  severe  tow- 
line  skew  angles  until  modifications  were  made  to  the 
towline.  The  modifications,  which  consisted  of  the  addi¬ 
tion  of  fairing  support  rings  to  the  towline  at  short 
intervals,  resulted  in  a  reduction  of  skew  angle  to  within 
operational  requirements. 


ADMINISTRATIVE  INFORMATION 

The  research  and  development  program  described  in  this  report  was  funded  by 
tiie  Naval  Electronic  Systems  Command  under  Program  Elements  64502N,  Task  Area  X0742, 
David  Taylor  Naval  Ship  Research  and  Develo  ment  Center  Work  Unit  1-1548-408. 

INTRODUCTION 

In  response  to  the  need  for  a  towing  capability  at  deep  depths  at  high  speeds, 
the  David  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC)  undertook  an 
evaluation  of  a  low-drag  cable  fairing.  The  fairing  was  manufactured  by  Fathom 
Oceanology,  Limited  of  Point  Credit,  Ontario,  Canada  with  the  trademark  of 
"FI exnose."  The  Center  purchased  1000  ft  (305m)  of  Flexnose  fairing  for  a 
0.347-in.  (8.8-mm)  diameter  cable.  The  towline  was  evaluated  aboard  the  Center’s 
high-speed  research  ship  R/V  ATHENA. 

The  objectives  of  the  at- rea  evaluation  were  to  establish  that  the  Fathom 
Flexnose  fairing  would  tow  with  acceptable  kiting,  have  low  drag,  and  be  durable' 
e ;v nigh  to  withstand  sustained  high-speed  operations.' 

This  r oport  describes  an  experimental  evaluation  of  the  hydrodynamic  perform¬ 
ance  c.f  the  Flexnose  fairing.  Descriptions  of  the  fairing,  the  instrumentation,  , 
a.nd  tie  experimental  arrangement  and  procedure  are  presented.  The  results  include 
tension  at  the  depressor,  towline  angle  at  the  depressor,  depressor  depth,  depressor 
pitch  angle,  tension  at  the  ship,  towline  angle  at  the  ship,  and  skew  angle  as 
functions  of  speed.  Finally,  conclusion.;  are  drawn  as  to  the  overall  performance 
of  the  towline. 
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TOWLINE  DESCRIPTION 

The  cable  used  in  the  evaluation  was  a  0.347-in.  (8. 8-nan)  diameter,  double 
armored,  galvanized,  improved  plow  steel,  electromechanical  cable  with  nine  inner- 
core  electrical  conductors.  The  cable  was  faired  with  1000  ft  (305m)  of  Fathom 
Flexnose  fairing  sections.  The  physical  characteristics  of  the  cable  and  fairing 
are  presented  in  Table  1.  Each  fairing  section  is  composed  of  four  pieces  as 
shown  in  Figure  la.  A  1-foot  length  of  assembled  fairing  is  shown  in  Figure  lb. 
The  fairing  section  shape  is  shown  in  Figure  2  along  with  specified  offsets. 


TABLE  1  -  PHYSICAL  CHARACTERISTICS  OF  THE  TOWLINE 


Cable 

Diameter 

Weight  in  Water 

Length 

Electrical  Conductors 

0.347  in.  (8.8  mm) 

0.159  Ib/ft  (2.366xlQ-i  kg/m) 
1200  ft.  (366m) 

8  -  AWG  -  #22 

1  -  AWG  -  #18 

Fairing  Section 

Length 

2.0  in.  (50.8  mm) 

Chord 

2.65, in.  (67.3  mm) 

Maximum  Thickness 

0.5  in.  (12.7  mm) 

Weight  in  Water 

0.031  lb/ft  (4.613xlQ'2  kg/m) 

Shape  Specification  Numbers 

Nose  -  FN-500-358-1 

- 

Tail  -  FT-500-1 

Link  -  FL-500 

DATA  ACQUISITION  SYSTEM 

The  data  acquisition  system,  3hown  schematically  in  Figure  3,  consisted  of 
transducers  to  measure  towline  tension  at  the  depressor,  tovline- angle  at  the 
depressor,  depressor  pitch,  depressor  depth,  towline  tension  at  the  ship,  towline 
angle  at  the  ship,  towline  skew  angle  relative  to  the  ship  heading,  and  ship 
speed.  The  type,  range,  and  accuracy  of  these  transducers  are  presented  in 
Table  2.  The , transducers  were  connected  to  a  multichannel  voltage-controlled 
oscillator  unit,  which  combined, all  the  sensor  signals  into  ore  composite  signal 
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PSD  346163 


Figure  la  -  Fairing  Section  Components 


Fig -re  lb  -  Sample  of  Flexnose  Fairing  (i-Foot  Long) 


Figure  l  -  Fathom  Flexnose  Fairing  Components  and  Assembly 
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Figure  2  -  Fairing  Section  Shape 
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Block  Diagram  of  Data  Acquisition  System 


for  transmission  through  the  towline  to  the  shipboard  instrumentation.  An  FM 
discriminator  aboard  ship  separated  the  composite  signal  into  component  signals 
proportional  to  those  at  the  individual  sensors.  These  were  graphically  or  digi¬ 
tally  recorded  as  shown  in  the  block  diagram  (Figure  3).. 

The  kite  angle,  which  is  the  angle  the  towline  projects  port  or  starboard  of 
the  ship's  centerline  onto  the  transverse  vertical  plane,  was  not  measured  directly 
Rather,  measurements  were  made  of  the  towline  angle,  and  the  skew  angle  which  is 
the  angle  the  towline  projects  port  or  starboard  of  the  ships  centerline  onto  the 
horizontal  plane.  The  towline  angle  $,  kite  angle  B,  and  skew  angle  ’*>  are  shown 
schematically  in  Figure  4.  The  kite  angle  is  related  to  the  skew  angle  by  the 
following: 


l 

Figure  4  -  Schematic  Showing  Relationship  Between 
Skew  Angle  >  and  Kite  Angle  S 

MECHANICAL  EQUIPMENT  AND  PROCEDURE 

The  evaluation  was  conducted  in  The  Gulf  of  Mexico  aboard  R/V  ATHENA.  A 
sketch  of  the  towing  arrangement  is  shown  in  Figure  5.  The  winch  drum  on  the  ship 


STREAMING 


Figure  5  -  Schematic  of  the  Towing  Arrangement 


was  provided  with  a  plastic  grooved  surface  about  which  the  towline  was  wrapped. 
The  groove,  which  matched  the  shape  of  the  leading  edge  of  the  towline  fairing,  is 
shown  in  Figure  6.  The  purpose  of  the  groove  was  to  minimize  any  damage  to  the 
fairing  during  reeling  operations  and  storage.  The  winch  drum  with  the  towline 
stored  is  shown  in  Figure  7. 

An  A-frame  and  sheave  installed  on  the  ship  fantail  provided  a  means  to 
launch  and  retrieve  the  depressor  and  the  towline.  The  A-frame  and  sheave  are 
shown  in  Figure  8.  Tne  depressor  body  used  for  the  experiments  is  shown  in 
Figure  9.  The  lift  force  of  the  depressor  can  be  varied  by  manually  changing  the 
angle  of  incidence  of  the  depressor  wing. 

The  experiments  were  conducted  with  a  depressor  wing  incidence  Setting  of 
5. 33. deg  (leading  edge  down)  and  towline  scopes  of  229. and  429  ft  (69.8  and 
130.8m)  measured  from  the  ship  attachment  point. 

Towing  was  varied  from  12.5  to  25  knots.  Reciprocal  headings  were  run  at  the 
longer  towline  scopes.  Midway  through  the  experiments,  fairing  support  rings 
were  added,  to  the  cable  at  intervals  of  10  ft  (3m)  for  the  first  100  ft  (30.5m) 
nearest  the  depressor  and  then  in  15-ft  (4.6-m)  intervals  for  the  remaining  cable 
up  to  a  total  ’ength  of  421  ft  (128.3m).  The  rings  consisted  of  1-in.  (25.4-mm) 
lengths  of  split  PVC  tubing,  with  an  inside  diameter  slightly  smaller  than  the 
diameter  of  the  cable,  that  were  epoxied  to  the  cable  and  held  in  place  with 
stainless-steel  banding  straps.  The  rings  were  added  to  transfer  the  tangential 
hydrodynamic  loading  from  the  fairing  to  the  cable. 

Following  the  data  runs,  an  endurance  evaluation  was  conducted  at  25  knots 
for  4  hours  to  obtain  an  Indication  of  the  durability  of  the  fairing  and  to  ascer¬ 
tain  consistent  kiting  performance  with  time.  The  towllne  was  inspected  after 
2-hour  and  4-hour  tbwlng  intervals. 

RESULTS ' 

There  were  no  problems  with  reeling  the  towline  off  the  winch  drum;  however, 
some  tearing  of  the  fairing  nose  piece  occurred  during  retrieval  of  the  towline 
whenever  the  leading  edge  of  the  nose  piece  came  into  contact  with  the  trailing 
edge  of  the  previous  wrap.  This  problem  could  be  solved  through  use  of  the 
proper  level  winding  arrangement. 

Observations  of  toWllne  performance  prior  to  the  addition  of  support  rings 
revealed  increasing  values  of  skew  angle  with  time.  Skew  increased  to  both  port 
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PSD  346G°l~5 

Figure  6  -  Winch  Drua  with  Extrusion 


PSD  346091-4 


Figure  7  -  Winch  Drua  with  Stored  Towline 


Will i 


PSD  346091-7 


Figure  9  -  Depressor  Body 


and  starboard  from  virtually  zero  up  to  30  degrees  within  1  hour  of  towing  at  the 
higher  speeds.  The  severe  and  time  varying  skew  angles  observed  were  believed  to 
be  a  result  of  the  inability  of  the  fairing  sections  to  effectively  transfer  the 
tangential  hydrodynamic  forces  to  the  cable.  These  forces,  which  increase  with 
increased  scope  and  speed,  induced  jamming  and  interference  .between  fairing  sec¬ 
tions  (called  stacking)  which  eventually  prevented  the  fairing  from  freely  swivel¬ 
ing  on  the  cable.  The  installation  of  rings  at  short  intervals  transferred  the 
tangential  force  from  the  fairing  to  the  cable  to  keep  the  stacking  force  to  a 
minimum  and  thus  improved  the  ability  of  the  fairing  to  free  swivel  and,  there¬ 
fore,  align  itself  with  the  flow. 

Following  the  addition  of  support  rings,  the  skew  angle  was  reduced  in  magni¬ 
tude  and  remained  time  invariant.  At  speeds  below  18  knot sr  the  cowline  skew- 
angle  varied  as  a  function  of  speed  from  0  to  20  degrees’  to  pore  while  at  speeds 
above  18  knots  the  towline  skew  angle  varied  from  0  to  20  degrees  to  starboard. 

The  measured  towline  skew  angle  with  support  rings  is  presented  as  a  function  of 
speed  in  Figure  10. 

The  measured  towline  skew  angles  with  support  rings  are  acceptable  for  towing 
from  surface  ships;  however,  when  towing  from  a  submarine  these  skew  angles  may 
possibly  damage  the  fairing  where  the  towline  comes  in  contact  with  the  longi¬ 
tudinal  rollers  on  the  doors.  The  skew  angles  may  be  caused  by  an  asymmetry  in 
the  fairing  sections  or  friction  in  the  support  rings  under  higher  loads.  Kiting 
may  be  reduced  by  reducing  any  manufacturing  asymmetry  and/or  improving  the  sup¬ 
port  rings. 

The  fairing  survived  adequately  during  extended  tewing.  No  visible  damage 
was  sustained  during  approximately  10  hours  of  total  towing  time,  over  5  hours 
ai  a  speed  of  25  knots..  Towline  tension  and  angle  at  the  depressor  and  depressor 
pitch  angle  are  presented  as  functions  of  speed  in  Figures  11  through  13.  The 
towline  tension  and  angle  at  the  depressor  along  with  assumed  towline  hydrodynamic 
loading  functions  were  used  as  input  into  a  Flexible  Cable  Program1  to  determine 

the  drag  coefficient  for  the  towline.  The  hydrodynamic  loading  functions  used 

2  • 

were  obtained  by  Walton  for  a  sectional  fairing  of  similar  shape* 


1  A  complete  listing  of  references  is  given  on  page  26. 
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SKEW  ANGLE  (degrees) 


TOWliNE  scope 

O  429  FT  (130.8m) 
□  229  FT  (69.8m) 


Figure  10  -  Skew  Angle  as  a  Function  of  Speed  with  Suppor 
Rings  Added  to  the  Towline 
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TOWLINE  SCOPE 
O  429  FT  ( 13J. 8m) 
□  229  FT  (69.8m) 


Figure  11  -  Depressor  Tension  as  a  Function  of  Speed 
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DEPRESSOR  TENSION  (kN) 


TOWLINE  SCOPE 

O  429  FT  (130.8m) 
□  229  FT  (69.8m) 


Figure  12  -  Towline  Angle  at  the  Depressor  as  a  Function  of  Speed 


TOWLINE  SCOPE 
O  429  FT  (130.8m) 

□  229  FT  (69.8m) 

-4 

-3 

-2 

-1 

0 

+1 

+2 

+3 

0  5  10  15  20  25 

TOWING  SPEED  (knots) 

Figure  13  -  Depressor  Pitch  Angie  as  a  Function  of  Speed 

'  19  ' 


[1] 


Walton's  loading  functions  for  sectional  fairing  are: 

,f  ■  -1.5716  +  1.7367  cos$  +  2.4064  sin$ 

-0.1651  cos  2$  -  0.7808  sin  2$ 

f  *  -0.? 158  +  0.4641  cos*  +  0.1158  sin*  [2] 

where  f^  and  f  aru  the  normal  and  tangential  loading  functions,  respectively,  and 

$  is  the  vertic.  1  t online  angle  with  respect  to  the  free  stream  (see  Figure  4). 

The  drag  coefficient  C  is  defined  to  be, 

K 

c  _  R  [3] 

R  (1/2)  pV2t  * 

where, 

R  is  the  drag  per  unit  of  towline  length  when  the  towline  is  normal  to  the 
free  stream  (*  ■  90  deg), 

p  is  the  mass  density  of  the  fluid, 

V  is  the  towing  speed,  and 
t  is  fairing  thickness. 

The  drag  coefficient  is  assumed  to  be  a  function  only  of  the  Reynolds  number. 
Reynolds  number  Rr  is  defined  to  be 

Rn  -  Vt/v  [4] 

where  v  is  the  kinematic  viscosity  of  the  fluid. 

»  i 

Various  values  for  the' drag  coefficient  were  assumed  in  the  analysis  until,  a 
reasonable  correlation  was  obtained  between  the  measured  and  predicted  towing  depth. 

Drag  coefficient  is  plotted  as  a  function  of  Reynolds  number  in  Figure  14. 

Some  scatter  is  apparent,  but  the  drag  coefficient  appears  to  have  a  value  of 
approximately  0.2. 

Measured  values  for  depressor  depth,  towline  tension  at  the  ship,  and  towline 
angle  at  the  ship  are  compared  to  predicted  values  using  a  drag  coefficient  of  0,2 
in  Figures  15  through  17.  The  predictions  are  within  the  accuracy  of  the  data. 

Several  types  of  towline  fairing  have  "been  evaluated  in  the  laboratory  to 
determine  their  hydrodynamic  loading  functions  and  drag  coefficients.  A  compila- 

3 

tion  of  these  results  was  made  by  Folb  who  gave  a  drag  coefficient  for  ribbon 
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TOWLINE  SCOPE 
O  429  FT  (130.8m) 
O  229  FT  (69.8m) 
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Figure  14  -  Normal  Drag  Coefficient  as  a  Function  of  Reynolds  Number 


DEPRESSOR  DEPTH  (feet) 


DEPRESSOR  DEPTH  (meters) 


TENSION  AT  THE  SHIP  (kN) 


TOWLINE  ANGLE  AT  THE  SHIP 
(degrees) 


fairing  between  0.85  and  1.1,  trailing  fairing  between  0.35  and  0.65,  and  sec¬ 
tional  fairing  between  0.1  and  0.25.  The  drag  coefficient  of  0.2  obtained  for 
this  design  of  Fathom  Flexnose  fairing' is  within  the  range  of  other  sectional 
fairings  that  have  been  evaluated. 


CONCLUSIONS 

The  tests  conducted  for  the  Flexnose  lead  to  the  following  conclusions: 

1.  The  Fathom  Flexnose  fairing  as  configured  has  a  constant  drag  coefficient; 

5  5 

of  0.2  over  a  range  of  Reynolds  numbers  from  0.645  x  10  to  1.366  x  10  . 

2.  The  Flexnose  tpwline  will  exhibit  severe  skew  angles  without  fairing 
support  rings  due  to  stacking  of  the  fairing  sections. 

3.  The  degree  of  skew  can  be  reduced  significantly  by  the  addition  of  fairing 
support  rings.  The  present  towline  exhibits  acceptable  skew  with  this  addition. 

4.  The  Fathom  Flexnose  fairing  will  sustain  no  damage  after  4  hours  of 
towing  at  25  knots;  however,  durability  during  long-term  towing  is  unknown. 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS.  A  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES.  CONTAIN  INFORMATION  OF  A  PRELIM  . 
INARY.  TEMPORARY.  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  memoranda,  an  informal  series,  contain  technical  documentation 
OF  LIMITED  USE  AND  INTEREST,  they  are  primarily  working  papers  intended  for  in 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT,  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BY  CASE 
8ASIS. 


